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WHFKQRORJ\ LQ UHFHQW \HDUV ,W PDNHV UHDO WLPH GLJLWDO FRPSRVLWLRQ RI YLUWXDO VFHQH ZKLFK PDGH E\ WKH
FRPSXWHUDQGSHUVRQDFWLYHSLFWXUHVZKLFKFDSWXUHGE\WKHYLGHRFDPHUD,WPDNHVSHUVRQDFWLRQVDQGYLUWXDO
EDFNJURXQGYDU\V\QFKURQRXVO\UHDOL]HVSHUIHFWFRPELQDWLRQRIIRUHJURXQGDQGEDFNJURXQG,WFDQEULQJLQWR
SOD\WKHLPDJLQDWLRQDQGFUHDWLYHQHVVRISURJUDPSURGXFLQJSHUVRQVDGHTXDWHO\HQKDQFHILOPVDQGWHOHYLVLRQ
SURJUDPVTXDOLW\ UHGXFHSURGXFWLRQ FRVW VDYH VSDFH DQGEHZLGHO\XVHG LQ79 VWDWLRQV DW DOO OHYHOV>@
%HFDXVH RI DOO WKH DGYDQWDJHV RI YLUWXDO VWXGLRPRUH DQGPRUH FROOHJHV DQG XQLYHUVLWLHV LQWURGXFH YLUWXDO
VWXGLR ,W LV XVHG LQ HGXFDWLRQ WHOHYLVLRQSURJUDPSURGXFLQJ DQG DVVLVWV WHDFKLQJ HQULFKHV WHDFKLQJ FRQWHQW
DQGVWUHQJWKHQVWKHVWXGHQWV¶SUDFWLFDODELOLW\
'LUHFWLQJ DQG SURGXFLQJ RI ILOP DQG WHOHYLVLRQ SURJUDP LV RQH RI WKHPRVW LPSRUWDQW SHUVRQQHO WUDLQLQJ
DVSHFWV RI HGXFDWLRQ WHFKQRORJ\ VSHFLDOW\ LQ RXU XQLYHUVLW\ $V WKH FRQVWUXFWLRQ VSHFLDOW\ RI HQJLQHHULQJ
FROOHJHEHLQJ VKRUWRI IXQG DQGVSDFHZHDUHXQDEOH WREXLOGUHDO VWXGLREXW WKH VWXGLRKDVH[WUDRUGLQDU\
PHDQLQJ LQ WHDFKLQJ DQG SUDFWLFH ,W KDV WXUQHG RXW WKDW WKH SRVWJUDGXDWHV DUH ODFNLQJ LQ WKH PDVWHU RI
NQRZOHGJHDQGDELOLW\LQWKLVDVSHFW
$FFRUGLQJ WR WKH SUREOHPV DQG GLOHPPD WKDW RXU XQLYHUVLW\ LV IDFHG ZLWK EHLQJ HVWDEOLVKHG LQ WKH
SHUVRQQHOWUDLQLQJRIWKHGLUHFWLQJDQGSURGXFLQJRIILOPDQGWHOHYLVLRQSURJUDPLQRXUXQLYHUVLW\LQWURGXFLQJ
YLUWXDO VWXGLR LV LPSHUDWLYH 3UHVHQW SURIHVVLRQDO YLUWXDO VWXGLR KDV FRPSOHWH IXQFWLRQV EXW KLJK FRVW 7KH
SXUSRVH RI RXU XQLYHUVLW\ WR LQWURGXFH YLUWXDO VWXGLR LV XVLQJ LW LQ WHDFKLQJ7DNLQJ IOH[LELOLW\ DQDO\VLV DQG
DUJXPHQWDWLRQRIYLUWXDOVWXGLRZHDUHWRFRQVWUXFWDVLPXODWLRQVWXGLRWHDFKLQJH[SHULPHQWV\VWHPRXUVHOYHV
DQGXVHLWLQFODVVDQGSUDFWLFHWHDFKLQJ%HGLIIHUHQWIURPSURIHVVLRQDOYLUWXDOVWXGLRVLPXODWLRQVWXGLRLVWKH
DQDORJXHVLPXODWLRQRIUHDOVWXGLRZDQWVWRVKRZWKHHQYLURQPHQWRIUHDOVWXGLRVLPXODWHVYDULRXVIXQFWLRQV
RI UHDO VWXGLRPHUJHV LPSRUWDQW WHDFKLQJDQGH[SHULPHQWDONQRZOHGJH LQWR LW UHVROYHV WKHSUREOHPVRI WKH
VKRUWDJHRIIXQGDQGVSDFHDQGUHDFKHVWKHSXUSRVHRIWHDFKLQJE\IXQDWWKHVDPHWLPH
7KHIXQFWLRQDOGHVLJQRIVLPXODWLRQVWXGLR
'HVLJQ,GHDDQG7DUJHW
7KH GHVLJQ WDUJHW RI VLPXODWLRQ VWXGLR LV SURYLGLQJ WKH FRQGLWLRQ DQG HQYLURQPHQW RI FODVV WHDFKLQJ
SUDFWLFH WHDFKLQJ DQG OHLVXUH VWXG\ IRU WKH VWXGHQWV PDNHV WKH OHDUQHU JUDVS FODVV EDVLF NQRZOHGJH DQG
H[SHULPHQWFRQWHQWWKURXJKWKHVWXG\LQVLPXODWLRQVWXGLR7KURXJKWKLVZD\ZHFDQUHDFKHIILFLHQWDQGKLJK
TXDOLW\ WHDFKLQJ WDUJHW FRPELQHG ZLWK WUDGLWLRQDO H[SHULPHQW HQKDQFH WKH FRPSUHKHQVLYH DELOLWLHV RI WKH
OHDUQHU7KHGHVLJQLGHDHPSKDVL]HVPDNLQJWKHEHVWRIYLUWXDOSUDFWLFHWHFKQRORJ\FRPELQLQJZLWKPXOWLSOH
PHGLD PHDQV DQG UHSUHVHQWDWLRQ VW\OHV UHPHG\LQJ WKH SUREOHPV LQ SUDFWLFH WHDFKLQJ VXFK DV OLPLWHG
H[SHULPHQWFODVVKRXULQVXIILFLHQWH[SHULPHQWVSDFHDQGODFNLQJH[SHULPHQWHTXLSPHQWV7KURXJKWKHPHWKRG
RI WKH FRPELQDWLRQ RI YLUWXDO H[SHULPHQW DQG WUDGLWLRQDO H[SHULPHQW LQQRYDWHV SUDFWLFH WHDFKLQJ PRGH
DFFRPSOLVKHVKLJKTXDOLW\SUDFWLFHWHDFKLQJHIILFLHQWO\DQGEULQJVXSWKHVWXGHQWV¶SUDFWLFHDELOLW\
7KH)XQFWLRQ0RGXOHV6HWXSRI6LPXODWLRQ6WXGLR
$FFRUGLQJ WR WKH QHHG RI WHDFKLQJ WKLV V\VWHP DFFRPSOLVKHV IRXU IXQFWLRQ PRGXOHV (DFK PRGXOH¶V
IXQFWLRQDQGDFFRPSOLVKPHQWPHWKRGLVGHVFULEHGEHORZ
z 7KHJHQHUDOLQWURGXFWLRQRIVLPXODWLRQVWXGLR
7KLVPRGXOH DLPV WRPDNH WKH OHDUQHUV NQRZ WKH FRQVWUXFWLRQ RI VWXGLR EH IDPLOLDU ZLWK WKH OD\RXW RI
VWXGLRJUDVS WKHIXQFWLRQVRIVWXGLR7KHPDLQPRGHRI UHSUHVHQWDWLRQ LV WKURXJKYRLFHVLJQJXLGHDQG WKH
YLUWXDOFKDUDFWHUJXLGHZKRZLOOURDPWKHVWXGLRVFHQHDORQJUHJXODUSDWKLQWURGXFHWKHVWXGLRFRQVWUXFWLRQ
OD\RXWDQGIXQFWLRQDOGLYLVLRQ$OORIWKHVHDUHFRQYHQLHQWIRUWKHVWXGHQWVWRNQRZWKHVWXGLRFRPSOHWHO\DQG
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FRQFUHWHO\
z 7KHOLJKWVHWWLQJRIVLPXODWLRQVWXGLR
7KLVPRGXOHDLPV WRPDNH WKH OHDUQHUVNQRZYDULRXV OLJKWVHWWLQJDQG OLJKWLQJGHVLJQ LQ WKHVWXGLR7KH
PDLQ FRQWHQW LQFOXGHV VSRWOLJKW IORRGOLJKW DQG WKUHHSRLQW IRUP OLJKWLQJ GHVLJQ 7KH PDLQ PRGH RI
UHSUHVHQWDWLRQ LV'DQLPDWLRQVZLWKYRLFHDQG WLWOHZKLFKFDQPDNH WKH OHDUQHUVJUDVS WKH OLJKW W\SHVDQG
OLJKWLQJGHVLJQPHWKRGV
z 7KHOLJKWDGMXVWPHQWRIVLPXODWLRQVWXGLR
7KLVPRGXOHDLPVWRPDNHWKHOHDUQHUVNQRZYDULRXVOLJKWDGMXVWPHQWPHWKRGVRIWKHVWXGLR7KURXJKWKH
VWUHWFKURWDWLRQDQGVOLSDGMXVWPHQWRIOLJKWVORFDWHGRQWKHFHLOLQJFDUULHVRXWGLIIHUHQWOLJKWLQJGHVLJQVHWWLQJ
LQRUGHUWRJHWGLIIHUHQWOLJKWLQJGHVLJQHIIHFW7KHPDLQPRGHRIUHSUHVHQWDWLRQLVWKURXJKRXWHUHTXLSPHQWV
VXFKDVNH\ERDUGRUPRXVHRSHUDWLQJWKHOLJKWVLQYLUWXDOVFHQHGLUHFWO\VRWRDGMXVWDQGFRQWUROWKHSRVLWLRQ
DQGDQJOHRIWKHOLJKWV7KHPDLQVXSSRUWWHFKQRORJ\LVKXPDQFRPSXWHULQWHUDFWLRQWHFKQRORJ\
z 7KHVWXG\RIVKRRWLQJWHFKQLTXHVDQGVKRRWLQJYLHZV
7KLV PRGXOH DLPV WR PDNH WKH OHDUQHUV JUDVS YDULRXV VKRRWLQJ WHFKQLTXHV JUDVS WKH FKDUDFWHULVWLF DQG
VKRRWLQJWHFKQLTXHRIGLIIHUHQWYLHZV7KURXJKWKHVKDNHRUVKLIWRIYLGHRFDPHUDDQGWKHDGMXVWPHQWRISXVK
SXOO EXWWRQ RQ WKH YLGHR FDPHUD ZH FDQ JHW GLIIHUHQW YLHZ HIIHFWV 7KH PDLQ PRGH RI UHSUHVHQWDWLRQ LV
WKURXJK RXWHU HTXLSPHQWV VXFK DV NH\ERDUG RU PRXVH RSHUDWLQJ YLGHR FDPHUD RU WKH SXVKSXOO EXWWRQ LQ
YLUWXDO VFHQH GLUHFWO\ VR WR JHW GLIIHUHQW YLHZV VXFK DV ORQJ VKRW IXOO VKRW PHGLXP VKRW FORVH VKRW DQG
FORVHXSYLHZ7KHPDLQVXSSRUWWHFKQRORJ\LVKXPDQFRPSXWHULQWHUDFWLRQWHFKQRORJ\
7KHLPSOHPHQWDWLRQRIVLPXODWLRQVWXGLRV\VWHP
7KHVLPXODWLRQVWXGLRLPSOHPHQWHGLQWKLVSDSHULVQRWVDPHDVWKHVSHFLDOW\YLUWXDOVWXGLRXVHGLQSURJUDP
SURGXFLQJLWEHORQJVWRGHVNWRS95LVGHYHORSHGRQ:LQGRZVSODWIRUPXVHVGVPD[FRQVWUXFWWKHPRGHOV
XVHV 9UD\ WR EDNH PDSV DQG UHQGHU FRPELQHV &$7 WR GHVLJQ FKDUDFWHU DFWLRQV UHDOL]HV VFHQH URDP DQG
YDULRXVLQWHUDFWLYHRSHUDWLRQRQ9LUWRROVSODWIRUP
7KH V\VWHP UHDOL]DWLRQ RI VLPXODWLRQ VWXGLR ZKLFK FDQ LQWHUDFW EHWZHHQ KXPDQ DQG FRPSXWHU PXVW JR
WKURXJKVHYHUDOIORZVEHORZ
7KH&RQVWUXFWLRQDQG2SWLPL]LQJRI'6FHQH0RGHOV
,QRUGHUWRFRQVWUXFWWKH'PRGHOVRIVLPXODWLRQVWXGLRZHQHHGDFTXLUHUHODWHGLQIRUPDWLRQRIUHDOVWXGLR
ILUVWO\ 7KHZD\ZH WDNH LV LQWHUYLHZLQJ ORFDO WHOHYLVLRQ VWDWLRQ WDNLQJ SLFWXUHV DQGPHDVXULQJ WKH VL]H RI
VWXGLRDQGWKHREMHFWVLQLW$OORIWKHVHHQVXUHFRUUHFWSURSRUWLRQRI'VFHQHDQGPRGHOVWKDWZHFRQVWUXFW
7DNLQJSLFWXUHVRIWKHREMHFWVZKLFKQHHGKLJKHUPRGHO ILGHOLW\ZHFDQXVHWKHPDVPRGHOPDSVWRHQVXUH
KLJKHUIDFWLFLW\RIWKHVLPXODWLRQVWXGLR
$IWHUDFTXLULQJ UHODWHG LQIRUPDWLRQRI'VFHQHDQGPRGHOVZHFDQFRQVWUXFW'PRGHOVRI VLPXODWLRQ
VWXGLR7KHVFHQHRIVLPXODWLRQVWXGLRLVFRQVWUXFWHGDVWKHOD\RXWRIUHDOVWXGLRFRQVLGHULQJWKHKRXVHVL]H
DQGWKHSRVLWLRQZKHUHWKHREMHFWVSXWDWWKHVDPHWLPH7KHPRGHOV¶VWUXFWXUHVXFKDVZDOOVGRRUVZLQGRZV
DQGRWKHUREMHFWVDUHFRQVWUXFWHGLQVWULFWDFFRUGDQFHZLWKDFRXVWLFILWWLQJRXWVWDQGDUGV>@,QRUGHUWRHQVXUH
WKHIDFWLFLW\RIPRGHOVZHVKRXOGJLYHWKHPRGHOVPDWHULDOVRUPDSVRUDGMXVWWKHOLJKWWRGREDNLQJPDS
7KRXJK ZH HQVXULQJ WKH IDFWLFLW\ RI PRGHOV ZH VKRXOG FRQVLGHU WKH UHVWULFWLRQ RI KDUGZDUH UHDOWLPH
GHPDQGRIYLUWXDOUHDOLW\V\VWHP,QWHUQHWEDQGZLGWKDQGUHVWULFWRIWUDQVPLVVLRQUDWH6RZHPXVWIROORZRQH
UXOHZKHQPRGHOLQJWRHQVXUHYLVXDOHIIHFWZLWKRXWGLVWRUWLRQSUHPLVHWU\RXUEHVWWRXVHWKHVLPSOHVWPRGHOV
$OORIWKHVHDUHWRHQVXUHZHJHWRSWLPL]HGPRGHOV7RHQVXUHWKHUHDOWLPHUHQGHULQJRIWKHVLPXODWLRQVWXGLR
V\VWHPZHWDNHDOONLQGVRIRSWLPL]LQJPHWKRGVZKHQZHFRQVWUXFWLQJWKHVFHQHDQGREMHFWPRGHOV
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$IWHUFRQVWUXFWLQJDQGRSWLPL]LQJWKHVLPXODWLRQVWXGLRVFHQHLVVKRZQDV)LJ



)LJXUH$FRUQHURIVLPXODWLRQVWXGLRDIWHUFRQVWUXFWLRQDQGRSWLPL]DWLRQ
7KH&RQVWUXFWLRQRI&KDUDFWHU0RGHOVDQG$FWLRQV
7KH VLPXODWLRQ VWXGLR H[SHULPHQW V\VWHP KDV PDQ\ FRQWHQWV QHHGLQJ EH LQWURGXFHG RU SURPSWHG E\
VRPHRQH6RZHQHHGDUUDQJHDYLUWXDOJXLGHFKDUDFWHUZKRZLOOJXLGHWKHOHDUQHUVWKURXJKWKHZD\VRIYRLFH
RU JHVWXUH2WKHUZLVH ZKHQZH DGMXVW WKH OLJKWV ZHPDLQO\ REVHUYH WKH HPFHH¶V LOOXPLQDWLYH HIIHFW DIWHU
OLJKWLQJGHVLJQVRZHDOVRQHHGDYLUWXDOHPFHHFKDUDFWHULQWKHVWDJHDUHD
%HFDXVHRIDOOWKHVHUHDVRQVZHFRQVWUXFWWZRFKDUDFWHUPRGHOVE\WKHERQHVV\VWHPRI'PD[VHWVNLQ
IRUWKHPWRJHW WUXHH[WHULRUDQGVHWFKDUDFWHUDFWLRQVIRUWKHPVHSDUDWHO\6XFKDVZHJLYHWKHJXLGHWKHVH
DFWLRQV ZDON OLIWLQJ DUP ZLQNPRYLQJPRXWK XS DQG GRZQ RQO\ JLYH WKH HPFHH WZR DFWLRQV ZLQN DQG
PRYLQJPRXWKXSDQGGRZQ7KHFKDUDFWHUVFRQVWUXFWHGDUHVKRZQDV)LJ

 

)LJXUH&KDUDFWHUPRGHOVXVHGLQWKHVLPXODWLRQVWXGLR
7KH5HDOL]DWLRQRI+XPDQ&RPSXWHU,QWHUDFWLRQ
/LJKW DGMXVWLQJ VKRRWLQJ WHFKQLTXHV DQG VKRRWLQJ YLHZV DGMXVWLQJ DUH DOO UHDOL]HG E\ KXPDQFRPSXWHU
LQWHUDFWLRQWHFKQRORJ\
:KHQZH DGMXVWLQJ OLJKWV WR GR OLJKWLQJ GHVLJQ ZH FDQ VWUHWFK URWDWLRQ RU VOLS HDFK OLJKW RQ WKH VWDJH
FHLOLQJWKURXJKRXWHUHTXLSPHQWVXFKDVNH\ERDUGRUPRXVHWKXVZHFDQJHWGLIIHUHQWOLJKWLQJGHVLJQHIIHFWWR
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VDWLVI\WKHOLJKWLQJQHHGRIGLIIHUHQWSURJUDP6KRZQDV)LJ



)LJXUH/LJKWDGMXVWLQJWKURXJKRXUWHUHTXLSPHQWVXFKDVNH\ERDUGRUPRXVH
:KHQZHRSHUDWLQJWKHYLUWXDOYLGHRFDPHUD WKHVWDJHZKLFKKDYLQJDYLUWXDOHPFHHLQ WKHFHQWHULVRXU
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